Time-of-flight mass spectra have been measured for inner-shell ionization of ethanol molecules, its clusters, and methanol clusters at the oxygen K-edge regions. Only in the case of the ethanol clusters, a fairly intense signal corresponding to H 3 O + has been observed.
Introduction
When a molecule is excited to highly excited states by soft X-ray photons, fragmentation follows in a few femtoseconds and intramolecular rearrangement reactions occur frequently [1] [2] [3] [4] [5] [6] [7] . In the rearrangement reactions, prior to fragmentation, one or more atoms 'migrate' in the molecule. In particular, the migration of H atom has been reported by several groups [1, 3, 5, 6] . For example, CHF + was observed in the fragmentation products of the C 1s excited CF 2 =CH 2 molecule [3] . In some cases, the products of the rearrangement reactions are only observed at a specific excitation energy, and site-and state-specific fragmentations are proposed for the migration of atoms [3, 4] . It has also been reported that the ion yield does not depend significantly on the excitation energy [5, 7] . Since the fragmentation processes are expected to proceed quite rapidly, the products of the rearrangement reactions usually provide useful information about the structure of the transition state of the unimolecular reactions.
In our previous paper, we reported the observation of an H 3 . The ionic fragmentation of ethanol clusters has been investigated by electron impact [9] and VUV photoionization mass spectrometry [10, 11] . Due to an intracluster ion-molecule reaction, which proceeds rapidly during cluster fragmentation, protonated
] become the dominant products for the hydrogen-bonding cluster [9] [10] [11] . However, the formation of H 3 O + ions has not been reported in these studies. The objective of the present study is to verify whether the H 3 O + ions originate from the ethanol clusters by the use of a time-of-flight (TOF) spectrometer with a higher resolving power to resolve the product ions more accurately. The measurement of ethanol was performed under effusive and supersonic beam conditions, and the obtained TOF mass spectra were compared. In addition, isotopically substituted samples were used and a comparison was made with the fragmentation process of methanol clusters.
Experimental
The experiments were conducted at the soft X-ray photochemistry beamline (BL27SU) in the SPring-8 facility [12, 13] . The light source was the radiation from a ' Figure-8 ' undulator, which is capable of generating a linearly polarized photon beam [14, 15] .
The photon beam was dispersed using a soft X-ray monochromator with varied-line-spacing plane gratings and introduced into the ionization region of a coincidence measurement instrument. The experimental apparatus used in this study was described in detail in Ref. [8] . A TOF mass spectrometer was used instead of a double-field-type one to obtain a -3 -higher resolution [16, 17] . The ions and electrons resulting from the soft X-ray absorption were extracted toward opposite directions in the ionization region. In order to minimize mass discrimination effects, a high-intensity electrostatic field (1 kV/cm) was applied across the ionization region to collect the fragment ions; further, two lens systems were installed to focus the ions onto the detector. The electrons were detected by using a microsphere plate (MSP, El-Mul) and the ions were detected using another MSP after the flight through the Figure 1 shows the TOF mass spectra of the ethanol measured under the (a) seeded supersonic (He, 4 atm) and (b) effusive beam conditions. The spectra were acquired at a photon energy of 545.0 eV, which is higher than the O 1s ionization threshold of ethanol (538.6 eV) [18] . Under the effusive beam condition, only ions with an m/z smaller than 46 were observed; these ions were considered to originate from the ethanol molecule. Under the seeded supersonic beam condition, several ions with m/z greater than 46 were observed (Fig. 1a) . The prominent peaks were assigned to protonated ethanol cluster ions, H(C 2 H 5 OH) n + (n = 1-6). It is known that the protonated clusters, and not intact cluster ions, are the dominant products [9] [10] [11] , and the results obtained in this study are consistent with those obtained from previous experiments of electron impact [9] and VUV photoionization [10, 11] of ethanol clusters. In addition to the appearance of these cluster ions, certain differences were observed between the small-mass regions obtained in the measurements under the two beam conditions.
Results and discussion

Observed mass spectra of fragment ions
In order to observe these differences more clearly, the spectra of m/z = 1-50 are expanded; these are shown in Fig. 2 
Hydrogen atom migration
The migration of H atom has been observed in molecular ethanol. group. The TOF spectra of methanol measured under supersonic beam condition, i.e., the cluster-forming condition, are compared with those of the ethanol cluster in Fig. 4 . In the case of methanol clusters (Fig. 4a) 
Internal rearrangement in ethanol clusters
The efficient rearrangement in the ethanol clusters can be ascribed to their structure.
In a recent study, Dyczmons suggested the importance of the C-H--OH type hydrogen bonding as well as the O-H--HO type in ethanol dimers [19] . According to his theoretical study, relatively strong hydrogen bonding (O-H--OH) determines the distance between the molecules and the HO-H angle of the cluster, and one or two weak hydrogen bonds (C-H--OH) exist in the cluster. The conformational angles of the cluster was also determined; the distance between terminal CH 3 and O atom can be appreciably shortened as the alkyl chain -methyl to ethyl -length is increased.
It is observed in the present study that the clusters contain dimers and larger clusters, as shown in Fig. 1 . Therefore, further explanation is required for larger clusters whose
structures are yet unclear. Vibrational excitation may also be an important factor that needs 
Summary
The H The spectra was obtained using the photoelectron-photoion coincidence method and converted to the TOF mass spectra. 
